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temperature/time and pH) (Boon, Janssen, & van´t Riet, 2000; Gosling et al., 2010) . (high solubility, clean taste, stability, low glycemic index) (Torres, Gonçalves, Teixeira, & 53 Rodrigues, 2010). However, GOS can also be formed in situ during the manufacture of 54 fermented dairy foods as a result of the metabolic activity of strains (Gosling et al., 2009 ).
55
The formation of oligosaccharides in yogurts prepared by using yogurt cultures combined 56 with bifidobacteria strains has been reported (Lamoureux, Roy, & Gauthier, 2002) . In turn,
57
Martínez-Villaluenga, Cardelle-Cobas, Corzo, and Olano, (2008a) tested the GOS contents 58 in commercial products: traditional yogurts, yogurts containing bifidobacteria and ready-to-59 drink yogurts with Lactobacillus casei. In both studies, it was found a wide variation 60 among samples analyzed; probiotic yogurts showed higher amount of GOS compared to 61 traditional ones. The stability of GOS in the dairy matrix is an important aspect to be 62 considered. Mozaffar, Nakanishi, and Matsuno (1985) detected a disappearance almost 63 complete of GOS at the latter stage of milk incubation with a commercial β-galactosidase 64 enzyme. However, Lamoureux et al. (2002) , Martínez-Villaluenga Cardelle-Cobas, Corzo, M A N U S C R I P T
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6
A factorial design was used for each variety of yogurt. Two factors were studied, the 119 addition of β-galactosidase enzyme, and the incorporation of L. acidophilus Hansen, Horsholm, Denmark) and inulin (Orafti ® GR, Mannheim, Germany), at two levels 121 each, with and without addition. Thus, four different types of yogurt were manufactured: 122 unhydrolyzed (C); unhydrolyzed symbiotic (with probiotic and prebiotic) (P); hydrolyzed
123
(E) and hydrolyzed symbiotic (EP). These yogurts were performed in triplicate resulting in 124 a total of 12 experimental units for drinkable and stirred yogurts, respectively.
125
Bulk bovine milk 3 g/100 mL fat content (Milkaut S.A., Santa Fe, Argentine) with 126 addition of 8 g/100 mL sucrose (Ingenio Ledesma S.A., Tucumán, Argentine) was 127 tempered until it reached approximately 40 °C. At this moment, 2.25 g/100 mL skim milk 128 powder (SMP) and 2.00 g/100 mL whey protein concentrate (WPC35) (Milkaut S.A., Santa M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 7 placing in screw cap glass flasks (500 mL). Finally, the yogurts were stored at 5 ± 1 ºC for 141 21 days.
142
Aliquots were removed at different times during fermentation and in freshly made 143 yogurts to measure pH, concentration of GOS and lactose. In addition, throughout the entire 144 refrigerated storage period, pH, titratable acidity, and concentrations of lactose, GOS and 145 lactic acid were determined. Overall composition (total solids, protein and fat) and 146 microbiological counts were also evaluated. 
154
The analysis of GOS, lactose, glucose and galactose in the incubation experiences of 155 lactose solution with the β-galactosidase enzyme were made on an Aminex HPX-87N 156 column (300 x 7.8 mm) equipped with a cation Na + microguard cartridge (Bio-Rad M A N U S C R I P T were analyzed according to Vénica et al. (2014) . The counts of L. acidophilus were 183 determined on MRS agar by Vinderola and Reinheimer (1999).
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Statistical analyses
Data obtained from yogurts were processed by two-way ANOVA in order to detect 187 differences in pH, TA, lactose, GOS and lactic acid at each sampling time. One-way
188
ANOVA was also used to detect the effect of storage period on GOS concentration.
189
Statistical analyses were carried out using SPSS 10.0 software (SPSS Inc., Chicago, USA). tested were 1.01, 1.15 and 1.32 for 5, 10 and 20 g/100 mL of initial lactose, respectively.
232
The GOS yields were calculated by dividing the amount of GOS formed by the amount of M A N U S C R I P T A C C E P T E D an increase in the total solid content (P < 0.05). No significant differences (P > 0.05) in 251 chemical composition of yogurts were observed by the inclusion of exogenous enzyme.
252
As expected, the pH sharply decreased during incubation process due to the metabolic 253 activity of lactic acid bacteria. During the storage period, the pH continued to decline 254 slightly in a similar way for all samples (the values at 7 days are shown in Table 1 ). No 255 influence of the enzyme on pH values was detected during fermentation, while significant 256 differences (P < 0.05) were found at 14 days for drinkable yogurts and at 7 days for stirred M A N U S C R I P T
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did not have a significant influence on pH values (P > 0.05).
259
The titratable acidity increased progressively through storage from 60 to 71 °D for 260 drinkable yogurts and from 77 to 94 °D for stirred ones ( 
268
Regarding the lactic acid concentrations, no significant difference was observed (P > 269 0.05) ( Table 2 ). The mean values were 580 and 740 mg/100 g at the end of manufacture,
270
and 660 and 880 mg/100 g at 21 days, for drinkable and stirred yogurts, respectively.
271
However, the pattern was similar to that found for TA; the hydrolyzed yogurts (E and EP) 272 had lower values of lactic acid content than unhydrolyzed ones (C and P).
273
The viable cell counts of L. acidophilus was 10 7 CFU/g in symbiotic yogurts and the 274 total LAB counts in all yogurts were about 10 9 CFU/g, throughout the whole period of 
GOS and lactose concentrations in yogurts 285
The evolution of lactose concentration during manufacture and storage for drinkable 286 and stirred hydrolyzed and unhydrolyzed yogurts is shown in Fig. 4 . In turn, Fig. 5 287 illustrates the GOS concentration of hydrolyzed yogurts (E and EP), as these compounds
288
were not detected in unhydrolyzed ones (C and P). found between both yogurt varieties is due to the higher content of lactose in the milk base 
306
In addition, no changes in the contents of GOS were observed through the refrigerated 307 storage period (P > 0.05), which states that the GOS formed were stable in the different 308 yogurt matrices. Even though we observed a diminution in the amount of GOS after 309 reaching a maximum in some preliminary experiences of incubation of lactose solutions,
310
this behavior was not found in yogurts. This fact could be due that the enzyme employed 311 was inactivated at the pH of yogurts, while in the reaction mixtures the pH was maintained 312 at the optimal for the enzyme activity (pH 6-8).
313
Limited information is available about the GOS formation during the manufacture of yogurts; they found 0.27 and 0.42 g GOS/100 mL.
323
On the other hand, the absence of GOS in unhydrolyzed yogurts (C and P) indicates 
Conclusion
346
The results obtained in our study indicate that the commercial β-galactosidase enzyme 347 tested had ability to produce GOS during manufacturing of yogurts, while the starter and 348 probiotic cultures did not show it. The presence of GOS was already evident at 45 min of 349 fermentation in yogurts with addition of β-galactosidase, and then it slightly increased until 350 the end of process and remained stable during the storage period of products.
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16
On other hand, the enzyme produced a reduction in the lactose content, so the product 352 obtained was beneficial for lactose intolerant people.
353
The stability of GOS during storage of the yogurts was probably due to the inability of Two-way ANOVA analysis; NS: Not significant; *: P < 0.05. Table 2 . Titratable acidity (ºDornic) and lactic acid concentration (mg/100 g) in yogurts during storage (mean ± standard deviation; n = 3). 
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Drinkable
C 62.9 ± 1.6 67.6 ± 1.2 69.1 ± 0.8 69.9 ± 0.6 598.8 ± 35.1 685.2 ± 77.7 E 61.0 ± 1.2 64.7 ± 2.4 66.2 ± 1.5 65.8 ± 1.5 549.1 ± 49.9 675.1 ± 18.8 P 60.3 ± 1.1 66.9 ± 1.6 70.6 ± 1.9 71.5 ± 2.7 615.9 ± 14.3 662.0 ± 79.3 EP 61.9 ± 1.4 67.1 ± 0.7 69.2 ± 1.6 70.5 ± 2.8 549. C: unhydrolyzed yogurts; P: unhydrolyzed symbiotic yogurts; E: hydrolyzed yogurts; EP: hydrolyzed symbiotic yogurts.
Two-way ANOVA analysis; NS: Not significant; *: P < 0.05. Values are means (n = 3).
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E: hydrolyzed yogurts ( ); EP: hydrolyzed symbiotic yogurts ( ). End: pH 4.7.
Highlights
• β-galactosidase YNL-2 GODO can synthesize galacto-oligosaccharides (GOS) in lactose solution and yogurt.
• Varieties of reduced-lactose yogurts enriched in GOS were obtained.
• Small changes in quality parameters were produced in yogurts by enzyme and
Lactobacillus acidophilus/inulin addition.
• GOS formed were stable throughout the storage period of yogurts.
• GOS contents were similar to that found in infant formulas and other dairy foods.
